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(54) RADIO RECEPTION DEVICE AND RADIO RECEPTION METHOD 



(57) A receiving section (102) performs a wireless 
receiving processing over a signal that is received 
through a receiving antenna (101), and output thereof 
to a propagation path compensation section (103) and 
an interference compensation section (104). The prop- 
agation path compensation section (103) conducts a 
propagation path compensation for the received signal, 
based on the result of the propagation path estimation. 
The interference compensation section (104) performs 
a propagation path estimation, and output this results to 
a controller section (105), and also performs a MIMO 
separation processing and output the separated re- 
ceived signals to a selecting section (1 06). The selecting 



section (1 06) selects one of the signals output from the 
propagation path compensation section (103) and the 
interference compensation section (1 04) under the con- 
trol of the controller section (105) and output thereof. 
The controller section (105) controls the selecting sec- 
tion (1 06), based on the result of the propagation path 
estimation. A demodulating section (107) and a decod- 
ing section (108) performs a demodulating and decod- 
ing of the received signals. Having this configuration, in 
MIMO communication, an error rate characteristic in the 
receiving side can be improved even under the environ- 
ment, in which an interference compensation error be- 
comes larger. 



RECEIVED 
SIGNAL 



108 



DECODING 
SECTION 



107 



. DEMODULATING 
*~ SECTION 



106 



SELECTING 
SECTION 



CM 
CO 
CO 

o> 

CO 

m 



Clv^ 



103 

a+ 

PROPAGATION 

PATH 
COMPENSATION 
SECTION 



C2 



INTERFERENCE 
COMPENSATION 
SECTION 



CONTROLLER 
SECTION 



102- 

cL 

RECEIVING 
SECTION 



RECEIVING 
SECTION 



101-1 
101-2 



104 



RESULT OF 
PROPAGATION 
PATH ESTIMATION 



102-2 



105 



Q. 

LU 



FIG.2 



1 



EP 1 569 362 A1 



2 



Description 

Technical Field 

[0001] The present invention relates to a wireless re- 
ceiver which receives data transmitted in parallel from 
a plurality of transmitting antennas with a plurality of re- 
ceiving antennas, and a wireless reception method em- 
ployed in such an apparatus. 

Background Art 

[0002] In recent years, Multi-lnput/Multi-Output (MI- 
MO) communication has been drawing an attention as 
a technology for enabling a communication of massive 
data such as images. In the MIMO communication, dif- 
ferent transmitted data (sub streams) are respectively 
transmitted from a plurality of antennas in a transmitter 
side, and a plurality of the transmitted data that are 
mixed in a propagation path are separated into the re- 
spective original transmitted data in a receiver side by 
using a propagation path estimate (see, for example, 
Japanese Patent Laid-Open No.2002-44051 (FIG.4)). 
[0003] In an actual operation, in the MIMO communi- 
cation, signal transmitted from a transmission apparatus 
is received with the antennas, the number of which is 
equal to or larger than the number of the transmission 
apparatuses, and the propagation path characteristics 
between antennas are estimated based on pilot signals, 
which are respectively inserted into signals received 
with the respective antennas. This estimated propaga- 
tion path characteristic H is represented by a matrix of 
2x2, where, for example, number of the transmitting 
antennas is two and number of the receiving antenna is 
two. In the MIMO communication, based on an inverse 
matrix of the obtained propagation path characteristic H 
and received signals obtained with respective receiving 
antennas, transmission signals (sub streams) transmit- 
ted by respective transmitting antennas are found. 
[0004] With reference to FIG.1A, principle of the MI- 
MO communication will be described for a case where 
the number of antennas of a transmitter 10 and that of 
a receiver 20 are respectively two. Here, signals trans- 
mitted via antennas 11 and 12 of the transmitter 1 0 are 
represented as TX1 and TX2, respectively, and signals 
received via antennas 21 , 22 of the receiver 20 are rep- 
resented as RX1 and RX2, respectively. 
[0005] With this assumption, the received signals 
(RX1 , RX2) can be expressed with (equation 1) shown 
in FIG.1 B. Here, A represents a propagation path char- 
acteristic between the transmitting antenna 11 and the 
receiving antenna 21, B represents a propagation path 
characteristic between the transmitting antenna 12 and 
the receiving antenna 21 , C represents a propagation 
path characteristic between the transmitting antenna 1 1 
and the receiving antenna 22, and D represents a prop- 
agation path characteristic between the transmitting an- 
tenna 12 and the receiving antenna 22. 



[0006] Thus, as for the antenna 21 and 22 of the re- 
ceiver 20, the signal is received in a form of a mixed 
combination of TX1 andTX2, as expressed in (equation 
1). In order to separate TX1 and TX2, for example, either 
5 one of TX1 and TX2 is defined as a desired signal com- 
ponent and the other is defined as an interference signal 
component, and the interference signal component 
should be compensated. 

[0007] In order to remove (compensate) the interfer- 
10 ence signal component stated above and to obtain the 
transmission signal (TX1 , TX2)from the received signal, 
an inverse matrix of a matrix consisting of these four 
propagation path characteristics A, B, C and D is found 
as expressed in (equation 2). Therefore, the transmitter 
15 10 transmits the signal containing a known signal for 
propagation path estimation (pilot signal, for example) 
inserted in the transmission signal, and the receiver 20 
conducts a propagation path estimation based on this 
known signal to obtain the propagation path character- 
istics A, B, C and D, thereby finding the above-described 
inverse matrix. 

[0008] Procedures for actually finding the transmis- 
sion signal (TX1, TX2) from the received signal (RX1 , 
RX2) includes: a Zero-Forcing (ZF) arithmetic operation 
for separating a sub stream (respective data) by using 
only an inverse matrix arithmetic operation presented 
by (equation 2), or Minimum Mean Square Error 
(MMSE) arithmetic operation for separating so as to 
minimize an error, and the like. 
[0009] As such, in the MIMO communication, a plu- 
rality of signals, which have been transmitted at the 
same time at the same frequency, can be theoretically 
separated respectively in the receiver, and thus the 
communication at higher rate with higher capacity be- 
comes possible. However, since there is an influence 
such as an inter-code interference due to a noise or a 
multipath in an actual apparatus, and/or since there is 
also a quantization error or the like in an actual circuitry, 
an interference compensation error is generated in the 
process of compensating for an interference signal com- 
ponent from the transmission signal, and there is a prob- 
lem that error rate characteristic in the receiving side 
significantly deteriorates when this error is larger. In ad- 
dition, depending on the propagation environment, a 
value of a determinant IAD-BCI of the inverse matrix rep- 
resented in FIG.1 B (equation 2) may be closer to zero, 
and since the conventional apparatus attempts to com- 
pensate for the interference signal component even in 
such situation, another problem occurs that an interfer- 
ence compensation error in the separated desired sig- 
nal becomes greater, thereby significantly deteriorating 
the error rate in the receiving side. 

Disclosure of Invention 

[001 0] An object of the present invention is to improve 
an error rate characteristic in the receiving side even 
under the environment, in which an interference com- 
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pensation error becomes larger in the receiving side, 
when different data are transmitted between a plurality 
of transmitting antennas and a plurality of receiving an- 
tennas respectively as in the MIMO communication. 
[0011] This object is achieved by providing a wireless 
receiver that receives different data transmitted via wire- 
less from a plurality of transmitting antennas using a plu- 
rality of receiving antenna, comprises a propagation 
path compensation section that conducts a propagation 
path compensation (channel variation compensation) of 
a received signal, and an interference compensation 
section that conducts a compensation (separation and 
removal) of an interference signal component, wherein 
one of these sections are suitably selected to be em- 
ployed depending on a situation. 

Brief Description of Drawings 

[0012] 

FIG. 1 A is a schematic diagram for describing a prin- 
ciple of a MIMO communication. 
FIG. 1 B includes equations that represent a relation- 
ship of transmission signals and received signals. 
FIG.2 is a block diagram, illustrating a configuration 
of a wireless receiver according to first embodiment 
of the present invention. 

FIG.3 is a block diagram, illustrating an internal 
structure of a controller section according to first 
embodiment of the present invention. 
FIG.4 is a flow chart, describing an operation of the 
controller section according to first embodiment of 
the present invention. 

FIG.5 is a schematic diagram for specifically de- 
scribing an advantageous effect obtainable by the 
wireless receiver according to first embodiment of 
the present invention. 

FIG.6 is a block diagram, illustrating a variation of 
the wireless receiver according to first embodiment 
of the present invention. 

FIG.7 is a block diagram, illustrating a configuration 
of a controller section of a wireless receiver accord- 
ing to with second embodiment of the present in- 
vention. 

Best Mode for Carrying Out the Invention 

[0013] Embodiments of the present invention will be 
described in reference to the annexed figures as follows. 
While the description is made in reference to a case of, 
for example, performing a MIMO communication by us- 
ing two antennas for either of the transmitting and re- 
ceiving sides, respectively, the present invention can al- 
so be applied for a case having an arbitrary number of 
antennas. 



(First Embodiment) 

[0014] FIG.2 is a block diagram, illustrating a config- 
uration of a wireless receiver according to a first embod- 

5 iment of the present invention. 

[0015] A wireless receiver shown in FIG. 2 comprises 
receiving antennas 101 , receiving sections 102, a prop- 
agation path compensation section 103, an interference 
compensation section 104, a controller section 105, a 

10 selecting section 1 06, a demodulating section 1 07 and 
a decoding section 108. 

[001 6] In FIG.2, a receiving section 1 02-1 performs a 
predetermined wireless receiving processing such as a 
down-converting and the like over a signal that is re- 

15 ceived through a receiving antenna 101-1, and then out- 
put thereof to the propagation path compensation sec- 
tion 1 03 and the interference compensation section 1 04. 
Similarly, a receiving section 102-2 performs a prede- 
termined wireless receiving processing such as a down- 

20 converting and the like over a signal that is received 
through a receiving antenna 101-2, and then output 
thereof to the propagation path compensation section 
103 and the interference compensation section 104. 
[0017] The propagation path compensation section 

25 1 03 performs propagation path estimations (channel es- 
timations) for the signals output from the receiving sec- 
tions 1 02-1 and 1 02-2, and a propagation path compen- 
sation (channel variation compensation) is conducted 
on the basis of the results, and then the resultant signals 

30 are output to the selecting section 1 06. Here, the "prop- 
agation path estimation 0 means estimating a magnitude 
of a propagation path variation (channel variation) influ- 
enced by fading or the like in a propagation path after 
the radio signal is transmitted from the transmitting side 

35 till arriving at the receiving antenna of the receiving side. 
Also, the "propagation path compensation" means, for 
example, complex-multiplying a predetermined vector 
into the original signal in order to remove (compensate) 
the influence of the propagation path variation based on 

40 the results of the propagation path estimation (channel 
estimation value). 

[0018] The interference compensation section 104 
performs similar propagation path estimation for the sig- 
nals output from the receiving sections 1 02-1 , 1 02-2 as 

45 the propagation path compensation section 103 per- 
forms and output this results to the controller section 
105, and also performs the previously explained MIMO 
separation processing and output the separated re- 
ceived signals to the selecting section 106. The select- 

50 ing section 106 selects one of the signals output from 
the propagation path compensation section 103 and the 
interference compensation section 104 under the con- 
trol of the controller section 105, and output thereof to 
a demodulating section 107. The details of the control 

55 conducted by the controller section 105 will be dis- 
cussed later. 

. [0019] The demodulating section 107 performs a pre- 
determined demodulating processing for the signal out- 
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put from the selecting section 106 corresponding to a 
modulation system such as Quadrature Phase Shift 
Keying (QPSK), 16 Quadrature Amplitude Modulation 
(16QAM) used in the transmitting side, and output the 
processed signal to a decoding section 108. 
[0020] The decoding section 108 performs a prede- 
termined decoding processing for the demodulated sig- 
nal output from the demodulating section 107 corre- 
sponding to a coding manner used in the transmitting 
side to obtain a received signal. 
[0021] FIG.3 is a block diagram, illustrating an internal 
structure of the controller section 105. The controller 
section 105 comprises an absolute value calculation 
section 111, a subtraction section 112 and a compara- 
tive judgement section 113. 

[0022] The result of the propagation path estimation, 
which is output from the interference compensation sec- 
tion 104, includes a desired signal component and an 
interference signal component, as mentioned above. 
The absolute value calculation section 111-1 calculates 
an absolute value of the desired signal component in 
the result of the propagation path estimation output from 
the interference compensation section 104, and output 
thereof to the subtraction section 112. Similarly, the ab- 
solute value calculation section 111-2 calculates an ab- 
solute value of the interference signal component in the 
result of the propagation path estimation output from the 
interference compensation section 104, and output 
thereof to the subtraction section 112. 
[0023] The subtraction section 112 subtracts the ab- 
solute value of the interference signal component (out- 
put of the absolute value calculation section 111-2) from 
the absolute value of the desired signal component (out- 
put of the absolute value calculation section 111-1), and 
output the obtained difference to the comparative judge- 
ment section 113. 

[0024] Comparative judgement section 113 com- 
pares the difference output from the subtraction section 
112 with a predetermined threshold, and instructs (out- 
puts a control signal C1 to) the selecting section 106 to 
select an output of the interference compensation sec- 
tion 1 04 when the difference is smaller than the thresh- 
old. In addition, when difference is equal to or largerthan 
the threshold, the control signal C1 is output to the se- 
lecting section 1 06 so as to select the output of the prop- 
agation path compensation section 103. 
[0025] Next, operations of the controller section 1 05 
having the above-described configuration will be de- 
scribed in reference to a flow chart shown in FIG.4. 
[0026] The desired signal component of the result of 
the propagation path estimation output from the inter- 
ference compensation section 104 is input into the ab- 
solute value calculation section 111-1 (ST1010). The 
Absolute value calculation section 111-1 calculates an 
absolute value of the result of the propagation path es- 
timation (ST1020). Similarly, the interference signal 
component of the result of the propagation path estima- 
tion output by the interference compensation section 



104 is input into the absolute value calculation section 
111-2 (ST1030). The absolute value calculation section 
111-2 calculates an absolute value of the result of the 
propagation path estimation (ST1040). 

5 [0027] The subtraction section 1 1 2 finds a difference 
between the absolute value of the desired signal com- 
ponent and the absolute value of the interference signal 
component (ST1 050). Incidentally, the calculated differ- 
ence indicates how relatively large the propagation path 

10 variation generated in the desired signal component is, 
as compared with the propagation path variation gener- 
ated in the interference signal component. Thus, larger 
difference indicates that the propagation path variation 
generated in the desired signal component is largerthan 

*5 the propagation path variation generated in the interfer- 
ence signal component. 

[0028] Comparative judgement section 113 com- 
pares the difference output from the subtraction section 
112 with a predetermined threshold (ST1 060), and out- 

20 puts an instruction (control signal) to the selecting sec- 
tion 106 to select an output of the interference compen- 
sation section 104 when the difference is smaller than 
the threshold (ST1070) . In addition, when difference is 
equal to or larger than the threshold, the instruction 

25 (control signal) is output to the selecting section 1 06 so 
as to select the output of the propagation path compen- 
sation section 103 (ST1080). More specifically, the op- 
eration is performed that, when the level of the propa- 
gation path variation generated in the desired signal 

30 component is equivalent to the level of the propagation 
path variation generated in the interference signal com- 
ponent, a signal, which is processed by the separation 
processing via a MIMO technique, is selected, and when 
the level of the propagation path variation generated in 

35 the interference signal component is much smallerthan 
the level of the propagation path variation generated in 
the desired signal component, a signal, which is proc- 
essed by a simple propagation path compensation, is 
selected. 

40 [0029] While it is illustrated here that two inputs are 
included in the controller section 105 in order to simplify 
the description, four inputs are actually included in the 
controller section 1 05 as described above, since the de- 
sired signal component and the interference signal com- 
45 ponent of the result of the propagation path estimation 
exist in respective receiving antennas. In this occasion, 
for example, if every two inputs corresponding to re- 
spective receiving antennas are handled via a time di- 
vision, two results of the threshold determination can be 
so obtained. In such case, in either of the determination 
results, the output of the propagation path compensa- 
tion section 1 03 may be selected only in the case where 
the difference calculated in the subtraction section 112 
is equal to or higher than the threshold. In addition, each 
55 of the determination results may be reflected for every 
receiving antenna. More specifically, the operation may 
be performed, in which the signal processed by the 
propagation path compensation processing is selected 
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as the signal received by the receiving antenna 101-1, 
and the signal processed by interference compensation 
processing is selected as the signal received by the re- 
ceiving antenna 101-2. 

[0030] In addition, while the description is presented 
by illustrating the case of calculating the difference be- 
tween the absolute values of the propagation path com- 
pensation values of the desired signal and the interfer- 
ence signal and comparing the difference thereof with 
the threshold, ratio of absolute values of propagation 
path estimate of the desired signal and the interference 
signal, respectively, that is, (absolute value of the prop- 
agation path estimate of the desired signal) / (absolute 
value of the propagation path estimate of the interfer- 
ence signal) may be calculated, and the obtained ratio 
may becompared with thethreshold. However, a benefit 
of presenting smaller scale of the hardware can be pro- 
vided when the procedure for utilizing the difference is 
selected. 

[0031] In addition, the controller section 105 output 
the control signal C2 to the interference compensation 
section 104 so as to stop the rest of the interference 
compensation processing except for the propagation 
path estimation processing, when the propagation path 
compensation section 103 is selected. Having this con- 
figuration, since the electric power consumed by the in- 
terference compensation section 104 is considerably 
large, an effect of cutting the power consumption can be 
expected. Here, it is needless to say that, when the in- 
terference compensation section 104 is selected, a 
function for instructing a stop to the propagation path 
compensation section 103 may be installed. Next, ad- 
vantageous effects obtainable by the wireless receiver 
having the above-described configuration will be specif- 
ically described by using FIG.5. 
[0032] In FIG.5, a wireless receiver 100 according to 
the present embodiment receives radio signals trans- 
mitted by a wireless transmission apparatus 150 having 
two transmitting antennas 151-1 and 151-2 via, receiv- 
ing antennas 101-1 and 101-2. 
[0033] However, as illustrated by the solid lines in the 
figure, the radio signal transmitted from the transmitting 
antenna 151-1 directly arrive at the receiving antenna 
101-1 and 101-2, due to an absence of any obstacle in 
the midway of the propagation path. On the other hand, 
as illustrated by the dotted lines in the figure, the radio 
signal transmitted from the transmitting antenna 151-2 
does not directly arrive, or arrives with considerably 
weakened signal strength, at the receiving antenna 
101-1 and 101-2, due to an existence of a building 160 
in the midway of the propagation path. 
[0034] In general, even if the fact that the radio signal 
is transmitted through multipath is considered, it can 
easily be supposed that the radio signal transmitted 
from the transmitting antenna 151-1 is received in the 
receiver side at stronger signal intensity than the signal 
intensity, at which the radio signal transmitted from the 
transmitting antenna 151-2 is received. In such circum- 



stances, inMIMO communication, for example, it may 
often be the case that respective transmitting antennas 
are dedicated to respective users (respective transmis- 
sion counterparts). In the embodiment shown in FIG.5, 

5 it may be the case, in which the signal transmitted from 
the transmitting antenna 151-1 is a signal for the wire- 
less receiver 100, and the signal transmitted from the 
transmitting antenna 151-2 is a signal not for the wire- 
less receiver 100. In such case, in the conventional Ml- 

10 MO receiver, an inverse matrix of a matrix representing 
the propagation path characteristic is found by addition- 
ally aiming the signal transmitted from the transmitting 
antenna 151-2 (or by dealing with the signals except a 
desired signal as an interference component), and then 

*5 the interference component is removed by multiplying 
this inverse matrix to separate (MIMO-separation) the 
signals transmitted by the two transmitting antennas. 
[0035] However, since the received signal strength of 
the signal transmitted from the transmitting antenna 

20 1 51 -2 is considerably low, the reliability in the arithmetic 
operation for inverse matrix is reduced. Consequently, 
the wireless receiver according to the present embodi- 
ment conducts the processing of the propagation path 
compensation for only the signal transmitted from the 

25 transmitting antenna 1 51 -1 by switching the two circuits 
without conducting the MIMO separation processing to 
obtain the received signal. 

[0036] Upon trying another viewpoint, this processing 
corresponds treating the signal transmitted from the 

so transmitting antenna 151-2 as mere noise and not as 
interference component. Although the embodiment de- 
scribed above is presented under the considerably lim- 
ited situation, as general consideration, the situation, in 
which the received signal strength of the interference 

35 signal component is considerably lower as relatively 
compared with the desired signal component, is easily 
caused, when the desired signal component of the sig- 
nal received from the receiving antenna is compared 
with the interference signal component. 

to [0037] The advantageous effect of the wireless re- 
ceiver according to the present embodiment is exhibited 
under such situation. 

[0038] As described above, according to the present 
embodiment, when different data is respectively trans- 

45 mitted between a plurality of transmitting antennas and 
receiving antennas like MIMO communication, the re- 
ceiving side select one of the propagation path compen- 
sation section and the interference compensation sec- 
tion, and therefore the error rate characteristics in the 

50 receiving side can be improved even in the situation 
where the interference compensation error is larger. 
[0039] While the method for calculating an inverse 
matrix has been described as the method of the inter- 
ference compensation processing, the interference 

55 compensation algorithm also includes other algorithms 
(for example, maximum likelihood sequence estimation) 
and it is needless to point put that other interference 
compensation algorithm may also be applied thereto. 
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Also, as shown in FIG. 6, switching between the propa- 
gation path compensation section 103 and the interfer- 
ence compensation section 104 may be conducted by 
informing the controller section 1 05 of the transmission 
method utilized in the transmitting side. For example, in 
the case where the transmitting side does not conduct 
the MIMO transmission and the received signal is not 
multiple signal since the transmission of data is conduct- 
ed by only using one transmitting antenna, or in the case 
where the transmitting side has a plurality of transmitting 
antennas and the identical radio signal is transmitted 
from all transmitting antennas, there is a little actual 
profit for conducting the above-described interference 
compensation processing in the receiving side. Thus, 
by informing the controller section 1 05 of this fact (trans- 
mission method), the controller section 1 05 can transmit 
an indication to the selecting section 1 06 so as to select 
the propagation path compensation section 103. 
[0040] Here, the transmitting side may inform this 
transmission method, or alternatively a configuration of 
analyzing the transmission method from the signal re- 
ceived in the receiving side may also be employed. 

(Second Embodiment) 

[0041] FIG.7 is a block diagram, illustrating a config- 
uration of a controller section of a wireless receiver ac- 
cording to the second embodiment of the present inven- 
tion. 

[0042] Here, this controller section 1 05a has a config- 
uration similar to the controller section 105 shown in 
FIG.2, and same numeral is referred to same element, 
and the description thereof is omitted. The present em- 
bodiment is characterized in that a controller section in- 
cludes a threshold setting section 201 . 
[0043] The threshold setting section 201 is informed 
of a modulation level, a coding rate, a spreading factor, 
or a code multiplex number used for transmission signal, 
and sets a threshold used in the comparative judgement 
section 113 based on these values. For example, the 
QPSK modulation system has better error resistance as 
compared with 16QAM modulation system when the 
propagation path environment is deteriorated. When the 
QPSK is employed, by performing the propagation path 
compensation for the received signal, a probability for 
obtaining the data containing no error becomes higher 
than the case the 16QAM is employed as modulation 
system. More specifically, it is preferable to change the 
reference (threshold) for selecting one of the propaga- 
tion path compensation section 1 03 and the interference 
compensation section 104 in response to the modula- 
tion system of the transmission signal (modulation lev- 
el). Having this configuration, the case of stopping the 
operation of the interference compensation section 1 04 
by selecting the propagation path compensation section 
1 03 is more frequently occurred, and therefore the pow- 
er consumption of the wireless receiver is reduced. 
[0044] Similar discussion can be made concerning 



the coding rate, spreading factor or code multiplex 
number used for transmission signal, in addition to the 
modulation level. Thus, the threshold setting section 
201 sets the threshold used in the comparative judge- 
5 ment section 113 by suitably changing thereof, in re- 
sponse to the modulation levels used for the transmis- 
sion signal. 

[0045] Here, the modulation levels mentioned above 
may be informed from the transmitting side, or obtained 
10 by analyzing the signal received from the receiver side 
to provide the modulation level or the like. As such, ac- 
cording to this embodiment, the switching reference 
used for the transmission signal is changed according 
to modulation level or the like when one of the propaga- 
is tion path compensation section and the interference 
compensation section is switched to be employed in the 
receiving side, and therefore the case of selecting the 
propagation path compensation section is more fre- 
quently occurred to provide reduced power consump- 
tion of the wireless receiver. 

[0046] The wireless receiver according to the present 
invention is capable of being installed in the communi- 
cation terminal apparatus and the base station appara- 
tus in the mobile radio communication system, and this 
can provide the communication terminal and the base 
station apparatus having advantageous effects similar 
to the above-described advantageous effects. Further, 
the wireless receiver according to the present invention 
can be utilized in the mobile radio communication sys- 
tem that utilizes a multi-carrier system such as Orthog- 
onal Frequency Division Multiplex (OFDM) or the like, 
and this can provide the mobile radio communication 
system having advantageous effects similar to the 
above-described advantageous effects. Since the 
transmission system employing the multi-carrier is set 
to have lower symbol rate (long symbol length), there is 
an advantageous effect of reducing the inter-code inter- 
ference by the multipath in the multipath environment. 
[0047] In addition, the inter-code interference by mul- 
tipath can also be removed by inserting the guard inter- 
val. 

[0046] As have been described above, according to 
the present invention, the error rate characteristic in the 
receiving side even under the environment, in which the 
interference compensation error becomes larger in the 
receiving side, can be improved in the case of transmit- 
ting different data between a plurality of transmitting an- 
tennas and a plurality of receiving antennas respectively 
as in the MIMO communication. 
[0049] This specification is based on the Japanese 
Patent Application No.2002-341741 filed on November 
26, 2002. All the disclosure is incorporated herein. 

Industrial Applicability 

[0050] The present invention can be applied to a wire- 
less receiver, which receives data transmitted in parallel 
from a plurality of transmitting antenna by employing a 
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plurality of receiving antenna, and a wireless reception 
method employed in such apparatus. 



Claims 

1 . A wireless receiver, comprising: 

a plurality of reception section that receives a 
plurality of radio signals that pass through dif- 
ferent propagation paths; 
a propagation path compensation section that 
compensates for variations in amplitude and 
phase that are provided to said radio signals in 
said propagation paths, for each of radio sig- 
nals received by said plurality of reception sec- 
tions; 

an interference compensation section that re- 
spectively compensates for interference com- 
ponents in the radio signals received by said 
plurality of reception sections based on envi- 
ronments in said propagation paths; and 
a selection section that selects one of said 
propagation path compensation section and a 
said interference compensation section. 

2. The wireless receiver according to claim 1 , wherein 
said selection section conducts the selection based 
on environments in said different propagation 
paths. 

3. The wireless receiver according to claim 1 , wherein 
said selection section selects said propagation path 
compensation section, when the radio signal re- 
ceived by said reception section is not multiple sig- 
nal or is a multiplexed signal of an identical signal. 



a setting section that sets said threshold based 
on a modulation level, a coding rate, a spread- 
ing factor or a code multiplex number of said 
radio signal, 

5 

wherein said selection is conducted based on a 
comparing result of said comparing section. 

6. The wireless receiver according to claim 1 , wherein 
10 said radio signal is converted into a multi-carrier. 

7. A communication terminal apparatus comprising 
said wireless receiver according to claim 1 . 

*5 8. Abase station apparatus comprising said wireless 
receiver according to claim 1 . 

9. A wireless receiver, comprising: 

20 a plurality of reception section that receives a 

plurality of radio signals that pass through dif- 
ferent propagation paths; 
a first compensation section that compensates 
for signals except for a desired signal in radio 

25 signals received by said plurality of reception 

sections as an interference component; 
a second compensation section that compen- 
sates for signals except a desired signal in ra- 
dio signals received by said plurality of recep- 

30 tion sections as a noise component; and 

a selection section that selects one of said first 
compensation section and said second com- 
pensation section. 

35 10. A wireless reception method, comprising the steps 
of: 



4. The wireless receiver according to claim 1 , further 
comprising: 

40 

a propagation path estimation section that es- 
timates the variations in amplitude and phase 
that are provided to desired signals and inter- 
ference signals contained in said radio signals 
in said propagation paths in relation to said de- 45 
sired signal and said interference signal, 

wherein said selection section conducts said selec- 
tion based on differences or ratios of variables es- 
timated about said desired signals and said inter- 50 
ference signals. 

5. The wireless receiver according to claim 4, wherein 
said selection section comprises: 

55 

a comparing section that compares said differ- 
ences or ratios with a predetermined threshold; 
and 



receiving a radio signal that contains multi- 
plexed different signals through a plurality of 
antennas; 

compensating for a propagation path by com- 
pensating for variations in amplitude and phase 
that are provided to said radio signals in said 
propagation paths for each of received radio 
signals; 

compensating for an interference for compen- 
sating interference components in the respec- 
tive received radio signals based on environ- 
ments in said propagation paths through which 
the radio signals pass; and 
selecting one of said propagation path compen- 
sation step and said interference compensation 
step based on said propagation path environ- 
ment. 
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